
Proiect Report

Project Title: A Compact Airborne System for SO2 and DMS Measurements for
use on Future GTE Missions Aboard the P-3 or DC-8.

Grant Number: NAG-12002
PI's: Eric S. Saltzman and Warren J. De Bruyn

This project involved the design and construction of a new instrument for
airborne measurement of DMS and SO2. The instrument is intended for use on field

missions to study the global atmospheric sulfur cycle. The ultimate scientific goal is to to

provide insight into the mechanisms of atmospheric transport and transformations

impacting both natural and anthropogenic sulfur emissions. This report summarizes the

progress made to date, and the goals for future work on the project. The PI's for this

project have recently relocated from the University of Miami to the University of

California, Irvine and a request has been made to transfer remaining funds to UCI. All

equipment associated with this project has been transferred to UCI.

The instrument design goal was to develop an instrument roughly ¼ the size and

weight of currently available airborne instrumentation used for DMS and SO2

measurements. Another goal was full automation, to allow unattended operation for the

duration of a P-3 or DC-8 flight. The original performance design specifications for the

instrument are given below in Table 1.

Table 1. Performance design specifications

Design Objectives

Detection limit

Precision

Measurement Period

Data processing
Size

Weigh

Operation
Power

< 5 pptv, with a goal of 1 pptv

< +5%, with a goal of+l%.

<10 minutes, with a goal of 5 minutes

in-flight data processing
13 f_3

100 kg

Fully automated
<2 kW

Accomplishments to date:

An isotope dilution GC/MS instrument has been designed constructed and tested

in the laboratory and at two ground-based sites in the field. The instrument meets all of

the original design specifications. Key aspects of the design and operation are outlined

below. This is followed by a discussion of current system performance and results from

two recent deployments. Inlet modifications needed for airborne deployment are also

discussed.

a) Instrument design

The system utilizes an air inlet manifold, cryogenic pre-concentration of air

samples, GC separation, MS detection and isotopically labeled internal standards. The air



is spikedprior to enteringthemainmanifoldwith isotopicallylabeleddimethylsulfideand
sulfurdioxidein nitrogen,to generatea concentrationof afew hundredpptv of the
labeledcompounds. Two separatesamplestreams,for DMS andSO2,aredrawnfrom
themainmanifold. TheSO2streamisdriedusinga combinationof Nationdriersanda
dry-ice/ethanoltrap. TheDMS samplestreamisdriedusingaNationdryerandis
scrubbedof oxidantsbypassingthestreamthrougha canisterof cotton.

Sulfurgasdetectionis carriedout usingaHewlettPackardmodel5973mass
selectivedetector(MSD). ThebasicdifferencebetweentheMSD andconventional
quadropolesis theuseof smallhyperbolic,gold-metallizedquartzquadrupoles(0.35"
diameterof the inscribedcircle).Thishasthebenefitof loweringthevoltageandpower
requirementsfor generatingtheradiofrequencyfield neededfor quadrupoletuning,
comparedto instrumentswith cylindricalmachinedpoles. As aresult,this instrumentis
considerablysmallerandlighter.

Tefloncryotrapsaremountedinsidetheneckof a 10L pressurizableliquid argon
dewar. Theliquidargonlevelis pneumaticallyraisedandlowedto immerseandexpose
thetraps. Thetrapsareresistanceheatedwhile exposedto desorbthe analytegases.
Trapsarecooledto -190°Cin lessthan30secondsandreach100°Cin under1minute.
The 10L dewaroperatesfor over24 hoursrunningasampleevery10minutesona
singlefill.

Themastercontrollerfor thesystemis a single-boardcomputer,runningWin98.
ThePCis programmedto carryoutcontrol functionsfor valveswitching,cryotrap
operation,anddataloggingof flow ratesandtemperaturesto monitorsystem
performance.Dataacquisitionandcontrol of themassspectrometeris accomplishedby
multi-taskingwith theWindows-basedcommercialsoftwaredesignedfor thelip MSD
(G1701AAandHPIB interface).Communicationbetweenthecontrolprogramandthe
HP sot_wareiscarriedout via theDynamicDataExchangeprotocol.

b) Instrument performance

Based on the mass spectrometer (HP 5973) signal to noise, we estimate the

detection limits for both SO2 and DMS to be better than 1.5 femtomoles. This implies

that, with no loss of SO2 or DMS in the system, the instrument is capable of detecting

less than 5 pptv in a 1 L sample. However, the effective detection limit depends on the

loss of analyte in the system under field conditions, the isotope ratios in the standards and

the concentration of the standard in the manifold. The recovery of DMS through the

system is generally quantitative and the recovery of SO2 is typically better than 70%. In

Figure 1 we show chromatograms of ions 66, 64, 68, and 62 for a typical ambient marine

air sample collected outside our laboratory on Virginia Key, FL. The isotope spikes are

approximately 400 pptv and 260 pptv for DMS and SO2 respectively, and the ambient

SO2 and DMS levels are about 150 pptv and 50 pptv, respectively. The DMS is analyzed

on a 3ft Carbopack B column at a flow rate of 3 mL/min and 85°C. The SOz is analyzed

on a 12 ft 12% polyphenyl ether/l% HaPO4 on 40/60 Chromosorb T column at a flow

rate of 3 mL/min at 60°C. We estimate the lower limit of detection to be 5 pptv of DMS

and SO2 and the accuracy and precision of measurements to be better than 20% and 5%

for both DMS and SO2 respectively. In this configuration, both species elute in less than



8 minuteswith theoverallsampleturn aroundtimebeing10minutes.Thiscanbe
reducedto 5 minutesrelativelyeasily.

Theinstrumentsresponseto DMS hasbeencomparedto aGC/FPDinstrumentin
thefield. Theresponseisplottedrelativeto theGC/FIDinstrumentresponseinFigure2.
Becauseof differencesin resolutiontheresponseof the instrumentis anaverageof 3
measurements.Thereis a linearcorrelationbetweeninstruments(R2= 0.91)andthe
GC/FPDinstrumenthasaresponseof 0.88relativeto the isotopedilution GC/MS
instrument.Giventheuncertaintiesassociatedwith eachinstrumentandthedifferent
measurementtimescales,overallthe instrumentsagreedwell andthereappearsto beno
significantsystematicdifferencesbetweeninstruments.

c) Recent deployments

Over the last year the instrument has been deployed in two ground-based field

experiments. In February-March 2000 the instrument was used to measure DMS and

SO2 at Baring head, New Zealand and in April 2000 the instrument was used to measure

DMS and SO2 during the SEAS intensive at Bellows Air force base in Hawaii. The goal

of these deployments was two fold. First, we hoped to test the instrument in the field

measuring DMS and SO2 over as wide a dynamic range of atmospheric levels as possible.

This would include intercomparisons with other instruments where possible. Second, we

hoped to determine to what extent SO2 yields from DMS oxidation vary with latitude.

This would involve measuring DMS and SO2 over a number of diurnal cycles in clean

conditions at both sites and with the aid of a photochemical box model determining SO2

yields and total SO2 sinks. Key results from these deployments include:

• The instrument performed up to specification at both sites successfully measuring

DMS and SO2 over most of the atmospheric range [see figure 3].

• Anti-correlated diurnal cycles of SO2 and DMS consistent with SO2 production

via DMS oxidation were observed in clean conditions at both sites [see figure 4].

• Yields of SO2 at Baring Head were 30-70% and yields of SO2 in Hawaii were 80-

100% suggesting a decrease in yield with latitude.

• Total SO2 sinks were 1.3-2.4 x 104 mol cm 3 st at Baring head and were 0.5-0.7 x

10 4 in Hawaii. Corresponding SO2 lifetimes were -0.5 days at Baring Head and

1 day in Hawaii.

Future work:

There are a number of minor modifications that we would like to make to the

instrument over the next year to make it flight ready. These include replacing the existing

magnetic bearing turbo pump with a ceramic bearing pump (for ruggedness) and

developing and testing a constant flow inlet. The constant flow in the main manifold

would provide a constant dilution ratio of the isotope dilution spike to the ambient air,

allowing us to maintain optimal precision during flight. There are also several

improvements to the chromatography that we would like to investigate in order to

improve sample throughput and sensitivity.
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Figure 2. Instrument response for DMS relative to the response of a GC/FID instrument

for measurements at Baring Head, New Zealand.
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Figure 3. DMS and S02 levels measured at Baring Head New Zealand during a transition

from relatively polluted northerly winds to clean southerly winds.
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Figure 4. DMS and SO2 measurements at Bellows Air Force Base Hawaii. The data has
been averaged hourly over a single day. Error bars are 1 standard deviation of the mean.
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